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Abstract 

If the unlrerse contains s new CP~LIC~~ density ol photinos .!h,ch 

BP0 alao sSSu!led to conetitute the dark aatter in our @alactIc halo. 

the” gravItatlonS1 trspplng by the sun and ensuing Snnihllatlon In the 

SO~~P CO~C ytelda a stghtftcant ritix or -250 nev neutrin03. ThlJ 

results I” -2 neutrlno-Induced e”ent.3 per kton-year in sn underground 

proton decay detector. 

The photino. elpected to be a stable. lls89LYe r-211~ 0r 

SUpePJyletPy. Is a promlslng dark matter candldate.’ The photlnc naSS 

range that may be M1OVSnt to IntS~prStStlOnSz~ Or CERN monoJets 

(l-10 CeVI also can yield S crltlcal closure density for the unlverae.’ 

A crltlcal demlty. epet1s11y riat FrIedmann coSmologIcal node1 

dominated by aSsslre. weakly interacting particlea reconciles several 

outetandlng cosmoIogIca1 Issues. lncludlng the Isotropy or the mIcrowave 

background; the light element .,bundanoed.’ Snd predlctlona Or 

inrhtmary c0380hgy.* tt0~0~0r .3 plsuslble weakly InteractIng dark 

.atter candidate Is required. and the cSSe ror the phot‘“oS Seep19 

eSpeclally lrltrlgulng. 

Two or “8 have recently noted’ that II OUP galactic halo. known to 

largely consist of dwk mtter. IS plausibly aaawed to COnSlSt 01 the 

same dark matter that binds the universe. the” the Idantl~IcStlon Or the 

photlno ss the dark Mtter candldate leads Co s unique. observable 

signature. For a Photino lllSS.9 “; - 3 Ge”, photino annlhllatlons In our 

hS,o were f0”“d LO lesd t0 S detectable rlUX Or 1OV energy COSmiC rSy 
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a”t*proLans. tJe,ov the klnematlc threllhold far Secondary productlo” bY 

high enwgy co%n,c ray lntePaCt*on uitn i”tePSteilaP matter. 

in tnl3 letter. *e point O”t another s*gnature JF piwt1no 

annlhllatlons. me sun gravltatlonally LPSP.9 halo photlnos:” uhl=h 

subrequently lose energy elastIcally and annihilate I” tn.2 solar core. 

me y*eld or -250 He” neutr*nos res”lr*ng rrom tPapped motino 

annln‘latlons ,n tne 3”” LS appreciable: iL may De detectable in OnBOLng 

““deP~Po”nd experiments. 

I” tne enau,ng disc”ssio”. ue Will be Lnterested I” two 

cPoss-.9ectio”3 ‘“Yol”Lng phOti”03: me elastic scatter,ng Cm.s-3ectlon 

DE and me annlh‘*at*o” cPoss-section Ok. me present mass density Of 

photlnos 19 bas‘cally derermlned by OA at. the t,me a”“lh,lat‘ons rreeze 

out. I” OPdeP to achieve a COSrnOlD~iCSl mass riena,ty cOPre.pO”al”d~ to 

D-I. we need <oeA F _ ,.a-“%d,-’ cror h-112, mere ~ov>~,~ ,s the 

thePmally averaged pPOd”Et or me ann,n*lat,O” CPmS-SeCLLO” and 

PelstlYe YeloE‘ty at the rreezeo”L tenlpePaL”Pe. At low?r veiac*ttes. 

the p-“BY* SnnlhllaLLO” channel ,a suppressed and 

<II”)A - COY> A,F(ltO.O1l~)-’ (1) 

where mi 13 in CRY unit.3 and Y* have ~3suaed that all SCP~P wrk and 

leptcm masses are *qua,. I” celms or the low energy annlhilat‘m 

croa3-sectlo” (RI. 11. we deremlne the elastic scattering 

CPOSS-.eCtlo”” 

<WE - 0.17 B GwA 
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- 1.7.10~278 (l+o.o4m$-’ c&a 
-1 

where B - v/c. 

Photlno snnlhllat‘ons In the s”” we or cowse subJect tO Photlnos 

rlnt hitting the sun and becaalng trapped. Pre3.9 and Spergel’ have 

calCulh3d the tPapplng ~aL0 and rind that 

@aP . 9.1028 n -I .I‘ -1 
Y ., '36 '300 I = (3) 

where n = 0.3 cm -3 and the average halo density or photlnos 

“H - “.,$. 036 - “g/lo -36 .u,~ and V 
300 - 

;/300 km s-’ . 0.9 ‘3 the rm.3 

velocity or a halo photlno In the solar nelghbOPhoOd (- m x gslsctlc 

POtatlon velocity In the 301~ nelghborhood TOP an Ll)othermal dSPk halo 

model). 

The “umber of phot‘nos in the sun CS,, dllnln‘sh ‘n one Or tU0 May=: 

evsporat1on and/or snn‘h‘lstion. Stetgman et al.’ and Press and 

Spargel” have shown that unless T < 5 CeV. evsporstion is not 

important. C‘Wrl the ann‘h‘laL‘on CPOS.3-3eCtio” (Eq. 1) the 

snnihllatlon ,-ate ts 

1”” I - (4/3hi&$ cw>Ar I 5.1054(ng”p3* <‘Y>A,26r 3-l (4) 

W+bW nicp) I., the mean phot‘no (PrOtOn) denalty In the sun, G,OA 26 - 

<.v>A,,~-%m3 s-’ ana r IS a density welghtlng rsctcw (r - In2dV/ii2V,. 

Hence tPapping can mdlntaln a mean solar phoilno abundance 



(ynp) = 1.3=10 
-13 “II’ (<*6j” q ;l/2s3&/2 r-l:I (5) 

The annlhllation Pate Is tbue Bet by the t,Wpp1n,, ,‘ete. 

The only annlhllatlon producte that can escape from the Solar 

InterlOP We the high energy neutrinos. These typically are expected 

to haYe eWT81.33 5 0.05 ge It is no,, relatively strel~htfcrward to 

ColpUtS the .Spe‘?ted flUX Or e,WW8etlO “e”tP,,lW or type Y, 0” ea,.th 

+ 
“I 

. ; N, pJ/4*w..U.~~ cm-2 cl-1 
I 

.16N n - -1 .-l cm-2 e-1 
v* .I ‘36 “300 ? 

YhePe H 
VI 

ia the number or “eutP‘“os of type Y, produced In each 

annlhllatlon. 

The rest easily detectable procees is the reaction ce + p . n . e* 

uhloh has a wose-eectlon o - 7.5.10-3~(~~,~ey~~,.~. Clven the flux Tram 

Eq. 6 we estlaate the “‘mber or events In a water detector per 

(7) 

where N 
P 

= 6.7.103’ IS the number Of pPOtO”e In o”e 8‘to” of “20. ThUs we 

elcpect 



NE - 0.44 n .( 500 m-7 events/kton year (8) 

ror Gel5 ulth *“*t%y 8; = O.OS,y uhere’ N- -2.5 and ~~~-0.028. Hence Tar 
‘e 

‘i > 5 Cd we expect NE > 2.2 events/kton yew. This Is comparable to 

the expected event Pate froa atmoepheric neutrinos”“-“’ ror 

E - 250 WV. Ye note that there hae been reported a” BXCOSJ or neutrlno 

event3 around the 100-200 t4eV range by the Kamlokande group”. Other 

SOUPCeS of high energy neutrinos have been dlwue5ed by Oar”. 

It hae been eu88eJted”“” that a populatlo” of weakly interacting 

part*c1ee inside the sun could solve the solar neutrino problem. 

However I” the case of photlnos. the elaetlc JCettWi”8 cro.9.vsection 

appeare to be too small for thla efrect to uork.“B’* 

I” ewxwy. we predict that the existence of a dark galactic halo 

consistIn of photl”oJ leads to an appreciable flux of high energy 

“eutrtnoa on earth due to photlno annlhllatlons in the sun. Ye have 

estimated the event rate In e proton-decay type water detector and find 

thst the predicted event rate Is c~parable to atmospheric baCk8PO”“dS. 

This effect depends only on the eXlatenCe of dark matter composed of 

heavy fm > 5 CeV) weakly l”tWaCtl”s particles. I” the 8ahCtiC halo. 

our results CWPY UncePtalntleS prlmarlly In the estimate of the 

croaa-section and the number of neutrln0.3 per decay channel. both of 

which depend on the q awes of scalar quark3 and leptons. Ye consider 

this Ln more detail elsewhere”. Here Ye speclallzed by COnSiderI” 

photinos I” PaPtlCUlaP but these results can be generalized to other 

hrn~ of dark matter s”Ch as sneutrlnos where th1~ effect may be 

enhanced. I” a forthCmi”8 publication” ue look at these ofhe,’ 
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posslbllltles as well 85 a more detalled examlnatlon at the capablllty 

of detectlon. 

H.S. IS supported In part by NSF grant PHY83-13324. J.S. Is 

supported in part by DOE 8rant 84-EA40161. 
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